Though, directed evolution/In vitro evolution has greatly enhanced the applicability of natural biomolecules, there is still a big void in synthetic biology, which could be filled only when we are able to make novel/synthetic functional biomolecules. Terminal deoxyribonucleotidyl transferase (TdT) is the only known DNA polymerase, which can add deoxyribonucleotides without the requirement of a DNA template. Here, we are introducing the concept of Template-Independent Synthesis of Nucleic Acids (TISNA), where we have exploited the property of terminal deoxyribonucleotidyl transferase to add deoxyribonucleotides to the 3' end of an oligonucleotide for the generation of de novo libraries of ssDNA, dsDNA coding sequences and RNA. We are able to generate libraries that have diversity not only in sequence but also in length in a single library itself. The length of double stranded random gene libraries generated using this approach ranges from 200 base pairs to 10 kilobase pairs. The ability to make random nucleic acid libraries from scratch (independent of any template information) in the laboratory could open up new avenues and holds promise for the pharmaceutical and biotechnological sectors.
Introduction
There is no denying the fact that nucleic acids and proteins made after billion years of natural evolution are serving the host organism in the best way possible; still the applicability of the existing biomolecules for humans still has a lot to be desired [1] . The first land mark work in the field of synthetic biology was the synthesis of the first complete gene, a yeast tRNA, as demonstrated by HarGobind Khorana [2] . Few years ahead, synthesis of the first peptideand protein-coding genes was done in the laboratories of Herbert Boyer and Alexander Markham, respectively [3, 4] . Szostak reported for the first time that genuinely new enzymatic activities could be created de novo without the need for prior mechanistic information by selection from a naive protein library of very high diversity [5, 6] . The chemically synthesized library which they had generated was limited by the size as the length of randomized nucleotide addition was restricted only to 200-300 bases. To generate higher sized sequences, different parts (more than 150 bases) were made separately and later on attempted for ligation, but the overall yield was still marginal [7] .
The biggest challenge in building novel nucleic acids de novo is the limitation of solid-phase DNA synthesis, which does not have the capacity to randomize beyond a couple of hundred bases [8] . We envisaged that greener synthesis of novel random nucleic acid and protein libraries could be built in the laboratory only when nucleotide polymerization is done without relying on any specific template. Since the solid-phase DNA synthesis is able to generate random libraries of length not more than 200-300 bases, we looked for the enzymatic means to address this problem. Terminal deoxynucleotidyltransferase (TdT), due to its property of template-independent nucleotide addition, looked like the appropriate tool to build random libraries of nucleic acid molecules [9, 10] . It has been reported in the literature that protruding, recessed or blunt-ended double or single-stranded DNA molecules serve as its substrate [11, 12] . TdT, catalyzes the addition of dNTPs to the 3' endof single-stranded and double stranded DNA molecules [13] [14] [15] [16] . Here, we present an approach to generate nucleic acids from scratch using terminal deoxynucleotidyltransferase (TdT) where we have successfully generated randomized single stranded DNA library, double stranded DNA library, RNA library and novel coding sequences. 
Materials and Methods

Enzymes and Chemicals
Primers
Both the primers were purchased from Integrated DNA Technologies (IDT), Iowa, U.S.A. We envisaged that synthetic gene libraries should start with a start codon and end with stop codons flanked by restriction sites on both the 5' and 3' ends to assist in cloning. The initiation oligonucleotide (F1) was designed in such a way that it had ATG (start codon) on On the contrary, terminal transferase proved to be the suitable enzyme for single strand DNA synthesis as well as for adenylation reaction. .. The initiation oligonucleotide was designed in such a way that it had a start codon at the 3' end and a restriction site upstream of it ( Fig. 1 ). F1 oligonucleotide was designed with NdeI site since its recognition sequence contains a start codon at In the gel image, the gel purified double stranded DNA library appeared as a smear having size ranging from 250 base pairs upto 10.0 kilobase pairs (Fig. 4 ).
Generation of Template Independent RNA Library
After generating in vitro dsDNA coding sequences, we used it for generating random libraries of RNA. In this case, we used the F1 oligonucleotide having a T7 promoter sequence and terminal deoxynucleotidyl transferase to generate ssDNA library on it. After running on 1 % (w/v) agarose gel, random RNA libraries were visible (Fig. 5 ). The RNA from the sample was verified since after RNase A digestion, there was no RNA band in the treated sample.
Sequence Analysis of Random Coding Sequence Library Members
The careful analysis of the sequence for the Table 1 ". The multiple alignment of the clones revealed high degree of diversity among the different cloned synthetic DNA molecules (Fig. 6 ). There exists no dT in the analyzed sequence because we have used the double stranded library that was made using AGC combination only. This was done deliberately to obviate the incorporation of any stop codon (namely-TGA, TAG, TAA) in the sequence of "open reading frame, ORF" that we intend to generate using TISNA approach.
Discussion
Gene synthesis is a provocative field having multiple implications in synthetic biology as well as in molecular biology. The assembly of DNA sequences from oligos finds applications in DNA synthesis, gene expression and in vitro mutagenesis [17] . The development of new antibiotics by de novo-designed polyketide synthase gene clusters was reported in 2005 [18] . It has also been reported that the DNA polymerases of thermophilic bacterium Thermus thermophilus and Thermococcus litoralis was used to synthesize long stretches of linear double stranded DNA (upto 200 kbp) de novo in the complete absence of primer and template DNA [19] . The synthesized DNA fragments were tandem repetitive sequences and none of them was a coding sequence. Those random DNA It the process termed as cut-grow DNA synthesis [20] .
They have mentioned that, EcoRI was used to digest double-stranded DNA, which was later amplified in the presence of DNA polymerase and dNTPs. Template-free and primer independent DNA upto several hundred kb was synthesized in the presence of DnaB, a bacterial DNA polymerases I obtained from E.coli [21] . The % GC content in the final product was far more than % AT content. Our results differ from this group that in the present case we have an unbiased proportion of GC over AT content (as men-tioned in the supporting information) and we have created open reading frames that too from a short primer without the inclusion of external template DNA at any step. In an European Patent, a method for producing gene libraries is disclosed wherein DNA strands are inserted into the genes to be mutated, in various positions [22] . It involved the incorporation of a transposon (Donor) into said DNA (Gene) at different random positions. In vivo method for the construction of randomized gene libraries by homologous recombination using the gamma subunit of Kluyveromyces lactis killer toxin, was mentioned in another European patent [23] . Both the above methods suffer from the limitation that they created variants by randomizing a specific region in that gene. (Fig. 7) .
Nucleic acid libraries were made in the absence of either dTTP or dATP while keeping the rest of the three deoxyribonucleotides in equimolar concentrations.
Another reaction was also tried with 50 μM dATP, 50 μM dTTP, 200 μM dCTP and 200 μM dGTP for TdT mediated template independent polymerization (Fig. 7) . In Fig. 4 the size of most dsDNA is above 250bp, but in table 1 the length of all the clones are smaller than 250bp.
During the ligation between the linearized vector and the entire library (comprising of dsDNA of all size range), smaller sized ORFs must have outcompeted large size products. In order to get rid of this, efforts are in place to synthesize only larger sized ORFs (more than 750bp).
Conclusions
Terminal transferase is a pretty robust enzyme that is primarily used for end labeling and addition of homopolymer tails [25] . However, it was not until the demonstration of its role in certain types of leukemic lymphocytes that interested its usage in the molecular biology [26] . This is the first instance where tTdT has been utilized for the generation of huge libraries of single stranded DNA, double stranded DNA/coding sequences and RNA library. The naturally occurring dNTPs that are used in the present case can be replaced by other modified or unnatural nucleotides to change the works perspective in an entirely different direction.
Nucleic acid libraries generated using TISNA based approach have huge length and sequence diversity (Fig.   1 ). The single stranded DNA and RNA libraries can be exploited to screen for deoxyribozymes and ribozyme like activity, respectively. The increase in length may provide the single stranded DNA and RNA much more structural complexity strengthening their suitability as catalysts. Hitherto, with the help of TISNA approach, novel coding sequence libraries could be generated. The ability to generate more such novel coding regions will help researchers to untap the protein or sequence spacestill elusive to us.
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